Distribution of Magnetic Dipole Strength -Binning by Kingan, Arun et al.
Distribution of Magnetic Dipole Strength -Binning
Arun Kingan, Michael Quinonez, Xiaofei Yu and Larry Zamick
Department of Physics and Astronomy
Rutgers University, Piscataway, New Jersey 08854
November 9, 2018
Abstract
In previous works we examined the systematics of magnetic dipole transitions in a single j
shell. We here extend the study to large space calculations. We consider the nuclei 44Ti, 46Ti
and 48Cr. In this work we focus on the B(M1) strength as a function of excitation of energy.
The initial state is the lowest J=1+T=1 state in a specified nucleus. The final states are J=0+
T=2 , all in one plot, and J=2+ T=2 in another. The initial figures have points all over the
map although there is a suggestion of an exponential trend. To reduce clutter we perform
binning operations in which the summed strength in a given energy interval is represented by
a single point. The new binning curves show more clearly the exponential fall of B(M1)’s with
energy.
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1 Introduction
Previously studies of magnetic dipole [1,2] and Gamow Teller transitions [3] in the f7/2 shell were
performed. The nuclei considered were 44Ti and 46Ti and indeed the model space was the single
j (f7/2) shell. In usual scissors mode analyses for even-even nuclei [4-24] one starts with a J=0
+
ground state and the final state is J=1+. A notable exception is the work of Beller et al.[25] .In ref
[2] we started with J=1+.From here there are many more places to go, e.g. to J=2+ T=0,1,2 .One
thus gets a better picture of the nature of the collectivity of this state. One striking observation was
the fact that there were many strong B(M1) transitions besides the transition back to the ground
state.
In this work we focus, not on a few idividual states , but rather on the distribution of B(M1)
strength as a function of energy. In a follow up work we will consider the properties of individual
large transitions. In all tables and figures B(M1) transitions are given in units of (MuN )
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2 Comments on the Figures
In Figues 1, 2, 3, and 4 we show log plots of the B(M1) stengths vs the energy of the final states
for 46Ti and 48Cr. In Fig 1 the final sates in 46Ti have quantum numbers J=0 T=2 and in Fig 2
the final states have quantum numbers J=2 T=2. In Figs 3 and 4 we do the same for 48Cr. The
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Figure 1: 46Ti B(M1)’s from Lowest J=1 T=1 to Lowest 500 J=0 T=2, Log Scale
initial state for all 4 figures is the first J=1, T=1 state for 46Ti and 48Cr. Although the points
seem at first glance to be all over the place, a closer look shows an exponential decrease of B(M1)
strength with energy. one can get a rough fit to Fig 1 with log(B(M1)) = -0.69897 -(E-15)*0.20264
or equivilantly B(M1) =0.2 * 10**(-(E-15)*0.20264) for E greater than 15 MeV. The important
point to make at present is not the precise fit to the calculated points but rather to make the simple
statement that the strengh, displays an exponential decrease with energy. To show this more clearly
we will, in the next section, introduce a binning process.
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Figure 2: 46Ti B(M1)’s from Lowest J=1 T=1 to Lowest 430 J=2 T=2, Log Scale
Figure 3: 48Cr B(M1)’s from Lowest J=1 T=1 to Lowest 100 J=0 T=2, Log Scale
3
Figure 4: 48Cr B(M1)’s from Lowest J=1 T=1 to Lowest 100 J=2 T=2, Log Scale
4
3 Binning Process
We see in the above figures that the points are spread all over the place. At the same time we see
a rough trend to an exponential decrease of the size of the B(M1)’s.
To clarify the matter, we perform what we call a binning process. The results are shown in Figs
V, VI, VII and VIII of this work.
When the final states have quantum numbers J=0+T = 2 take energy intervals of 0.25 MeV;
For J=2+T = 2states we chose the intervals to be 0.2 MeV. For a given energy interval, which we
call a bin we put the sum of all B(M1)’s that fall in that energy range. The log of this sum is
represented by a single point on the curve. Results in this work shown in the 4 figures here should
be compared with the corresponding figures in the archived works. Although the new results are
far from perfect there is a great reduction of the clutter.
Looking at the results here 4 f we see more clearly an exponential behavior B(M1 ) for 46Ti as
a function of energy (Relative to the initial state excitation energy). That is the binning B(M1)’s
go approximately as C exp(-B E) where C and B are constants. On a log plot this would be log(C)
-BE i.e. a straight line with a negative slope. We can give a rough fit to Fig I with the formula
log(B(M1)) = -0.69897 -(E-15) *0.20264 or equivalently B(M1) =0.2*10*(-(E-15)*0.202641) for E
greater than 15 MeV. In Fig 1 we included 500 states while in Fig 2 430 states. For 48Cr we used
only 100 states and (Figs III and IV). This is not enough to reach the asymptotic region. We will
do improved calculations in the near future. The important point to make at present is not the
precise fit to the calculated points but rather to make the simple statement that the strength, after
binning, displays an exponential decrease with energy.
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4 Closing remarks
In this work we limited ourselves to the simplest point-how the B(M1) strength varies with energy.
We found that initially there is a very wide spread of points. This spread was considerably reduced
when we applied the binning process. A near exponential decrease with shift energy was found. In
the near future we will address more specific strong transitions that were initially found in single j
calculations, in which case ref’s 4 to 25 will also be relevant.
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